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Determinants of Prognosis of Patients With Aortic Regurgitation Who
Undergo Aortic Valve Replacement
PETER H. STONE, MD,* RALPH D. CLARK, MD, NORA GOLDSCHLAGER, MD,
ARTHUR SELZER, MD, FACC, KEITH COHN, MD, FACC
San Francisco. California
Insidious and potentially irreversible left ventricular
dysfunction may develop in patients with aortic regur-
gitation. To determine whether preoperative variables
can predict postoperative outcome, 113 consecutive pa-
tients with aortic regurgitation who underwent surgical
correction between 1962and 1977 were studied and sur-
vivors were followed up for 4.6 ± 3.3 years. Clinical
and hemodynamic examinations were made in all pa-
tients before the operation. Echocardiograms were per-
formed in 44 patients preoperatively and in 36 patients
postoperatively.
Perioperative or postoperative death due to conges-
tive heart failure occurred in only eight patients (19%).
No statistically significant predictors of total mortality
or death due to cardiac failure were found based on
preoperative clinical, hemodynamic or echocardio-
graphic findings. Survivors of the operation showed sig-
nificant functional improvement: preoperatively, 77%
of all patients were in functional class III or IV; post-
operatively, 84% of patients were in class lor II (p <
0.0001). A weak statistical correlation of functional im-
The choice of optimal timing of aortic valve replacement
in patients with aortic regurgitation often poses a dilemma
for clinicians. Although patients with long-standing aortic
regurgitaion may tolerate the volume overload state for many
years , once cardiac symptoms and evidence of congestive
heart failure occur, progression to irreversible left ventric-
ular dysfunction may develop (1-9). If aortic valve replace-
ment is performed at a time when left ventricular function
is normal, then the patient may be exposed unnecessarily
to the potential hazards that accompany prosthetic heart
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provement was found with a preoperative presence of
increased cardiac diameter oil the chest radiograph (p
< 0.05) and the severity of left ventricular hypertrophy
(p < 0.05). Improvement of left ventricular function was
also consistently found in survivors and correlated best
with the degree of preoperative preservation of left ven-
tricular function. Patients with an echocardiographic
preoperative fractional shortening of the minor diameter
greater than 26%, end-systolic dimension less than 55
mm and end-diastolic dimension less than 80 mm were
most likely to have normal function after the operation.
It is concluded that operative mortality and survival
after surgical correction of aortic regurgitation cannot
be accurately predicted from preoperative findings. The
prospect of normalization of left ventricular perform-
ance correlates best with mildly impaired preoperative
echocardiographic indexes. However, even patients with
serious preoperative clinical disability and grossly im-
paired left ventricular function may experience a sig-
nificantly improved quality of life.
valves . However, if surgical correction of the volume over-
load state is delayed exce ssively , irreversible cardiac dys-
function may have already occurred and results of the op-
eration may he unsati sfactory .
Several studies have investigated preoperative clinical,
hemodynamic and noninvasively derived variables in at-
tempts to identify those patients whose condition will im-
prove after undergoing surgery and those patients who may
develop refractory congestive heart failure; however, results
of these studies have been conflicting . We reviewed the
experience of I 13 con secutive patients with severe aortic
regurgitation who underwent aortic valve replacement from
1962 to 1977. The preoperative variables determined from
clinical , hemodynamic and noninvasive studies, including
the echocardiogram , electrocardiogram and chest X-ray film,
were evaluated in relation to the postoperative status of the
patient.
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Methods
Study group. All patients with significant pure or pre-
dominant aortic regurgitation who underwent cardiac cath-
eterization and aortic valve replacement at Pacific Medical
Center between 1962 and 1977 were included in the study.
Ninety-seven patients (86%) underwent supravalvular aor-
tography to determine the severity of the aortic regurgita-
tion. We reviewed each of the angiograms and defined "sig-
nificant aortic regurgitation" as 3 + or 4 + regurgitation on
a scale of 0 to 4+ (10). In the 16 patients (14%) who did
not undergo supravalvular aortography, the presence of aor-
tic insufficiency was estimated on clinical grounds. Forty-
two patients (37%) had rheumatic aortic regurgitation and
71 patients (63%) had a nonrheumatic variety (infectious
endocarditis, redundant aortic valve leaflet, dilated aortic
valve anulus, bicuspid aortic valve, aortic dissection and
ankylosing spondylitis). Patients were excluded if there was
significant coexistent aortic stenosis (peak systolic gradient
between left ventricle and aorta 2: 40 mm Hg), significant
mitral valve disease (calculated mitral valve area:S 1.5 crrr'
or angiographic estimate > I + mitral regurgitation on a
scale of 0 to 4 + during the left ventriculogram [II]).
There were 92 men and 21 women with a mean age of
50.5 years (range 25 to 77) at the time of aortic valve
surgery. The mean duration of clinical disability before valve
replacement was 2.1 years (range I week to 16 years). All
patients were treated with digitalis preparations and diuretic
drugs. Seventy-eight patients (69%) had isolated pure aortic
insufficiency (peak systolic gradient between the left ven-
tricle and aorta < 20 mm Hg), 16 patients (14%) had mild
coexistent aortic stenosis (peak systolic gradient between
the left ventricle and aorta 20 to 40 mm Hg), 6 patients
(5%) had mild mitral valve disease and 14 patients (12%)
had documented coronary artery disease. Among the latter
14 patients, 4 had a previous nontransmural myocardial
infarction and 3 had a previous transmural infarction. Pa-
tients with exertional chest pain and a clinical suspicion of
coronary artery disease underwent selective coronary arte-
riography. In more recent years of this study, the procedure
was performed routinely in older patients.
Cardiac catheterization. Preoperative cardiac catheter-
ization, which was performed within 3 months of aortic
valve surgery, included a right heart study in all patients
and a left heart study in most. Cardiac output was deter-
mined by the Fick principle. Left ventricular ejection frac-
tion was calculated from the left ventriculogram in the right
anterior oblique projection (12). Exercise hemodynamic
measurements, involving 4 minutes of supine exercise per-
formed on a bicycle ergometer, were obtained in 75 patients
(66%). The exercise factor was determined from the increase
in cardiac output compared with the increase in oxygen
consumption (13). Postoperative cardiac catheterization was
nerformed in 30 patients at a mean of 28.5 months (range
I to 85) after surgery. Indications for postoperative cathe-
terization included diagnostic evaluation of congestive heart
failure in 9 patients, suspected valve prosthesis dysfunction
in 5 patients and routine postoperative study to assess sur-
gical success in 16 patients.
Noninvasive studies. These included radiographic,
electrocardiographic and echocardiographic examination.
The preoperative degree of cardiomegaly was determined
from the posteroanterior chest X-ray film taken just before
operation, using a scale of 0 (cardiothoracic ratio < 50%),
1+ (50 to 60%),2+ (60 to 75%) and 3+ (> 75%). An
electrocardiographic left ventricular hypertrophy point score
was determined using the criteria of Romhilt and Estes (14),
except in patients with left bundle branch block. The pres-
ence of left atrial abnormality was defined by standard
electrocardiographic criteria (15).
M-mode echocardiography. Echocardiograms were
available since 1972 and were obtained in 44 patients pre-
operatively and 36 patients postoperatively, a mean of 37.1
months after surgery (range 5 to 85). Twenty patients had
both a pre- and postoperative echocardiogram performed.
M-mode echocardiograms were performed in the standard
manner, with the patient in the supine position with the head
of the bed elevated 30°. Left ventricular dimension was
recorded just distal to the tip of the anterior mitral leaflet
from the standard interspace, as defined by Popp et al. (16).
To achieve maximal reproducibility in these serial studies,
recommendations by Clark et al. (17) were followed.
Tracings were obtained using an Ekoline 20A (Smith-
Kline Instruments) ultrasonoscope and 2.25 MHz, 0.5 inch
( 1.27 ern) transducer collimated to 5 or 7.5 em and recorded
on an Electronics for Medicine DR6 strip-chart recorder at
50 or 100 mm/s. Specific measurements were made by av-
eraging three or more cycles for sinus rhythm and five cycles
for atrial fibrillation.
Echocardiographic measurements. Measurement of the
internal left ventricular end-diastolic minor diminsion was
measured between the septal and posterior wall endocardium
at the onset of the QRS complex. Left ventricular end-
systolic dimension was measured as the perpendicular dis-
tance between the left ventricular posterior wall endocar-
dium at its most anterior position during systole and the
interventricular septal endocardium. Left ventricular pos-
terior wall amplitude was obtained from the maximal ex-
cursion of the posterior wall endocardium during systole.
Interventricular septal amplitude was measured in a similar
manner. Left ventricular posterior wall thickness was mea-
sured as the narrowest endocardial-epicardial distance in
mid-diastole just before the presystolic thinning dip. Sim-
ilarly, interventricular septal thickness was measured from
the right ventricular endocardium to the left ventricular en-
docardium in mid-diastole just before presystolic thinning.
The left atrial dimension index was determined from the
echographic recording at the level of the aortic valve leaflets
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and was corrected for body surface area. Left ventricular
mass was calculated by the standard method (18), and the
left ventricular volume/mass relation was estimated from
the ratio of left ventricular end-diastolic dimension to pos-
terior wall thickness (19).
Derived echocardiographic ejection indexes of left ven-
tricular performance included fractional shortening of the
minor diameter during systole (%D):
%D = [(EDD - ESD)/EDD] x 100,
where EDD = end-diastolic minor dimension and ESD
end-systolic dimension.
Surgical procedures. Surgical procedures consisted of
an isolated aortic valve replacement or repair in 90 patients
(80%), and, in addition to the aortic valve procedure, an
aortic root repair procedure in 15 patients (14%), aortocor-
onary bypass grafting in 6 patients (5%), left ventricular
aneurysmectomy in 1 patient (l %) and closure of a coex-
isting ventricular septal defect in 1 patient (I %). The sur-
gical procedures on the aortic valve included replacement
with a Starr-Edwards prosthesis in 45 patients (40%), a
Hancock bioprosthesis in 28 patients (25%), a Smeloff-
Cutter prosthesis in 25 patients (22%), a fascia lata valve
in 4 patients (3%), a Segger-Gerbode prosthesis in 3 patients
(2%), a Carpentier-Edwards prosthesis in 1 patient (I %),
an aortic valve homograft in I patient (I %) and repair of
the native aortic valve in 6 patients (5%). Intraoperative
myocardial preservation techniques during procedures per-
formed before 1976 included systemic hypothermia to 28°C
with cardiopulmonary bypass and topical myocardial hy-
pothermia with a solution of 4°C saline solution. During
those procedures performed since 1976, topical and sys-
temic hypothermia were achieved in the same manner and
the heart was arrested with cold potassium cardioplegia.
Ninety-eight patients (86.7%) had an uncomplicated post-
operative course, 4 (3.5%) had a nonfatal complication and
11 patients (9.7%) died perioperatively (within 1 month of
the procedure).
Follow-up. Follow-up data were obtained in III (98.2%)
of 113·patients by either a patient visit to the medical center
or direct communication with the patient's referring phy-
sician4.6 ± 3.3 years (range 0.1 to 16.5) (mean ± standard
error of the mean) after the initial aortic valve procedure.
Analysis of survival and postoperative status. The de-
gree of cardiac dysfunction before operation was assessed
using the variables discussed. Survival analysis was per-
formed using each of the preoperative variables singly and
in combination. For the patients alive at the time of follow-
up, each of the preoperative variables was related to the
postoperative functional, hemodynamic and echocardio-
graphic outcome to investigate which preoperative condi-
tions would best predict a given postoperative response.
In the evaluation of survival data, patients were grouped
into those who died in the perioperative period « 1 month
after aortic valve surgery) and those who died later than I
month after the operation (postoperative deaths). Patients
who died of congestive heart failure in either period were
considered as a separate subset.
Statistical analysis. The pre- and postoperative profiles
of patients with aortic regurgitation were compared using
the paired two-tailed t test. Survival analysis utilizing pre-
operative variables singly and in combination was per-
formed using life table analysis and the Wilcoxon two sam-
ple test. Outcome after surgery was assessed using the
Wilcoxon two sample test.
Results
Hemodynamics. The pre- and postoperative hemody-
namic profiles of our series are presented in Figure 1. It is
seen that postoperative levels of arterial pressures (systolic,
diastolic and pulse pressure) show significant improve-
ment-an anticipated result of the correction of aortic re-
gurgitation. The pulmonary artery wedge pressure at rest
and during exercise and the cardiac index during exercise
also show statistical improvement indicative of improved
hemodynamic performance.
Noninvasive findings. The pre- and postoperative non-
invasive profiles of patients in our series are shown in Figure
2. Echocardiographic systolic and diastolic diameters and
the calculated left ventricular mass show statistically sig-
nificant improvement. Furthermore, a reduction of electro-
cardiographic determinants of left ventricular hypertrophy
and of radiographic transverse dimensions of the cardiac
shadow were changed significantly.
Causes of death (Table 1). Overall survival was 61.3%.
Of the 43 patients who died, only 8 (19%) died of pro-
gressive congestive heart failure. The remaining patients
died from an acute myocardial infarction, died suddenly
from an arrhythmia or died from a cerebrovascular accident,
prosthetic valve malfunction or noncardiac cause; nine pa-
tients (21%) died of unknown causes.
There were no statistically significant differences in sur-
vival based on preoperative hemodynamic variables (pul-
monary artery wedge pressure at rest or during exercise,
cardiac index at rest or during exercise, ejection fraction,
exercise factor, singly or in combination), echocardio-
graphic variables (end-diastolic and end-systolic dimension,
fractional shortening of the minor diameter during systole,
left atrial index, left ventricular mass, left ventricular vol-
ume/mass ratio, singly or in combination), cardiac silhouette
size on chest X-ray film and electrocardiographic variables
(Rornhilt-Estes left ventricular hypertrophy score, left atrial
abnormality). There was likewise no significant difference
in survival when the patients were grouped into those op-
erated on before or after 1972, including or excluding peri-
operative deaths, or those patients with coexistent mild
aortic stenosis or trivial mitral valve disease.
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Figure 1. Preoperative (Pre-op) and postoperative (Post-op)
hemodynamic profile of patient s with aortic regurgitation . LV ==
left ventr icular; NS == not significant; p == probability; PAWP ==
pulmonary artery wedge pressure .
We then analyzed only the eight pat ients who died from
isolated heart failure in an attempt to isolate a mechani sm
of death that might most accurately reflect irreversible myo-
cardial damage from aortic regurgitation. Again , none of
the preoperative variables that we measured could predict
death from isolated heart failure.
Functional class. Sixty-eight patients (6 1.3%) were alive
at the time of follow-up study . A comparison of pre- and
postoperative functional class of the surviving patients is
shown in Figure 3. Whereas preoperatively, only 26 (23%)
of 113 patients were in New York Heart Association class
I or II and 87 (77%) of 113 patients were in class III or IV,
postoperatively, 57 (84%) of 68 patient s were in class I or
II and only II (16%) of 68 were in class 1lIor IV (probability
[p] < 0 .0001).
Patients whose fun ctional ability improved to class I or
II postoperatively were those who had significantly less left
ventricular hypertrophy preoperatively as determined by both
the echocardiographically calculated left ventricular mass
(p < 0.02) and the Romhilt-Estes electrocard iographic score
for left ventricular hypertrophy (p < 0.05). These patient s
also demonstrated less cardiac enlargement preoperatively
as determ ined by chest X-ray film (p < 0.02). However ,
improve ment in the postoperative functional class could not
be predicted preoperatively on the basis of hemod ynamic
or echocardiographic variables , functional class before op-
eration, duration of cardiac symptoms or age at the time of
aortic valve replacement. There was a disparity between
variables that relate to improvement in functional class and
those relating to improvement in ventricular performance .
Ventricular function. In most patients with normal pre-
operative cardiac function as determined noninvasively ,
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normal function was preserved postoperatively. In almost
half of the patients with depressed function before operation,
cardiac function improved to normal after operation (Fig.
2). We therefore performed univariate analyses of selected
preoperative variables to determine those that would identify
patients with abnormal preoperative cardiac function who
would attain normal function after operation (Table 2). There
were 18 patients with depressed left ventricular function
preoperatively as determined by end-systolic dimension
(preoperative end-systolic dimension> 40 mm), and in to
of these patients postoperative left ventricular function im-
proved to normal (postoperative end-systolic dimension -s
40 mm). There were nine patients with depressed function
before surgery as determined by fractional shortening of the
minor diameter during systole (preoperative fractional short-
ening of the minor diameter during systole < 27%), and in
four of these patients function improved to normal (post-
Figure 2. Preoperative (Pre-op) and postoperative (Post-op) non-
invasive profile of patients with aortic regurgitation . Normal values
for each variable are shown as a hatched bar on the respective
vertical axis.
Table 1. Cause of Death in 43 Patients
Perioperative Late Period
(0 to I (> 1
Causes month postop) month postop) Total
Myocardial infarction 6 6 12 (28%)
Congestive heart failure 2 6 8 (19%)
Sudden death 1 3 4 (9%)
Cerebrovascular accident I 3 4 (9%)
Prosthetic valve malfunction I 2 3 (7%)
Noncardiac 0 3 3 (7%)
Unknown 0 9 9 (21%)
Total II 32 43 (100%)
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operative fractional shortening of the minor diameter during
systole ~ 27%) after surgery. Although the number of pa-
tients is small, the preoperative variables predictive of post-
operative normalized function, in order of the strength of
the correlation, are left ventricular end-systolic and end-
diastolic dimensions and calculated left ventricular mass.
None of the other invasive or noninvasive preoperative vari-
ables were able to predict in which patients function would
improve to normal after operation.
Ventricular size. The degree of left ventricular dilation
preoperatively (preoperative end-diastolic dimension) was
not helpful in predicting those patients in whom the ven-
tricular size would return to normal postoperatively. Even
patients with a massively dilated left ventricle (preoperative
end-diastolic dimension > 80 mm) were capable of devel-
oping a normal end-diastolic dimension postoperatively (Fig.
2). It appears that with relief of the volume overload state,
even a markedly enlarged left ventricle can return to normal
size (as the volume load is relieved), although ventricular
function need not necessarily also return to normal.
In addition, univariate analyses were also performed to
determine which preoperative variables could identify those
patients with a dilated left ventricle before surgery who
would develop normal left ventricular cavity size after sur-
gery (postoperative end-diastolic dimension :s 57 mm) (Ta-
ble 2). There were 19 patients who had an abnormally en-
larged left ventricular chamber preoperatively (preoperative
end-diastolic dimension> 57 mm). Among these, left ven-
tricular chamber size decreased postoperatively to normal
in II patients (postoperative end-diastolic dimension zs 57
mm) and remained abnormally enlarged in 8 patients (post-
operative end-diastolic dimension> 57 mm). Using uni-
variate analyses, the only preoperative variables predictive
of those patients whose left ventricular chamber size re-
turned to normal were preoperative left ventricular end-
systolic dimension, preoperative fractional shortening of the
minor diameter during systole and the left ventricular vol-
ume/mass ratio. None of the other preoperative invasive and
noninvasive variables could predict the patients whose ven-
tricular size would return to normal after operation.
Post-op
~2
~2
Pre - op
I~
I
II
III
NYHA
Class
n = 68
(2 Pts Lost to flu)
(43 Potients Died)
p<O. 0001
Figure 3. Comparison of theNewYork Heart Association (NYHA)
functional class of patients (Pts) before (Pre-op) and after (Post-
op) operation in 113 patients with aortic regurgitation. flu =
follow-up; n = numberof patients.
Table 2. Univariate Analyses of Patients With Abnormal Preoperative but Normal Postoperative
Left Ventricular Size and Function
Preoperative Postop ESD Postop %D Postop EDD
Variables ,,; 40 mm 2: 27% ,,; 57 mm
LV end-systolic dimension (ESDj p = 0.01 NS P = 0.01
% minor diameter shortening (%0) NS NS P = 0.02
LV end-diastolic dimension (EOO) p = 0.02 NS NS
R/Th ratio NS NS P = 0.04
Calculated LV mass p = 0.05 NS NS
PAWP
Rest NS NS NS
Exercise NS NS NS
Cardiac index at rest NS NS NS
Exercise factor NS NS NS
LV ejection fraction NS NS NS
Heart size by cardiothoracic ratio NS NS NS
LVH score by ECG (Romhilt-Estes) NS NS NS
ECG = electrocardiogram; LV = left ventricular; LVH = left ventricular hypertrophy; NS = not significant;
p = probability; PAWP = pulmonary artery wedge pressure; R/Th = left ventricular volume/mass ratio; %0
= percent minor diameter shortening.
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Discussion
It is generally agreed that patients with aortic regurgi-
tation who are severely symptomatic (functional class III
and IV) represent a higher operative risk for valve replace-
ment and have a shorter long-term survival after a successful
operation. To reduce the risk of the operation and prolong
postoperative survival, many recommendations have been
made to perform operations earlier, even in asymptomatic
patients. Many physicians are opposed, however, to rec-
ommend purely prophylactic surgery on the basis that pa-
tients with severe aortic regurgitation who are not operated
on may remain free from symptoms and be fully active for
many years. Thus, attempts have been made to define cri-
teria for the selection of patients for early surgery by finding
predictors of impending left ventricular malfunction.
This study is based on one of the largest series of cases
of aortic regurgitation with the longest follow-up period in
which clinical observations and hemodynamic preoperative
studies were available in all patients. Postoperative hemo-
dynamic studies and pre- and postoperative echocardio-
graphic studies were also available in a substantial, unse-
lected subset of patients in this series. On the basis of these
data, predictors of operative mortality and poor operative
results were investigated.
Causes of death. The overall trend of a higher mortality
rate in patients who preoperatively were functionally more
limited is confirmed (Fig. 3). Only 19%of the total number
of deaths occurred as a result of progressive cardiac failure
(Table 1). No statistically significant predictors (clinical,
hemodynamic or echocardiographic) of perioperative or
postoperative death were found. Furthermore, no predictors
of death due to left ventricular dysfunction as manifested
by cardiac failure were observed.
If one accepts the hypothesis that the major goal of the
operation is the prevention of irreversible left ventricular
dysfunction, death resulting from an excessively delayed
surgical correction should be manifested by progressive heart
failure. Yet, in our series only one patient in five died in
cardiac failure; a similar incidence of death due to cardiac
failure is reported in the Massachusetts General Hospital
series of patients with valve replacement for aortic regur-
gitation (20). Most deaths were unrelated or indirectly re-
lated to left ventricular malfunction (Table I). Thus, total
mortality is unreliable as an index of poor operative results
of valve replacement thought to be performed too late.
Postoperative ventricular performance. A more reli-
able evaluation of the success or failure of aortic valve
replacement in patients with aortic regurgitation is a study
of the postoperative left ventricular performance in survi-
vors. Two approaches to this were used in our study: clinical
improvement as judged by functional classification and ob-
jective measurement of the various indexes of left ventric-
ular function derived from invasive and noninvasive mea-
surements. Clinical data indicate that improvement shown
by entering a better functional class was found in 78% of
survivors, deterioration in 6% and no change in II % (Fig.
3). This is an impressive record, considering that 54 patients
(80% of survivors) were in functional class III or IV before
the operation.
Figures I and 2 show that equally impressive improve-
ment occurred in hemodynamic function and noninvasive
indexes in survivors. Cardiac cathetherization studies showed
a significant improvement in pulmonary artery wedge pres-
sures at rest and during exercise and an increase of cardiac
index during exercise (in addition to the expected effects
on systemic arterial pressures). Noninvasive measurements
showed significant improvement in echocardiographic end-
diastolic dimension, end-systolic dimension, left ventricular
mass, left ventricular volume/mass ratio, electrocardio-
graphic indexes of left ventricular hypertrophy and the size
of the cardiac silhouette in the radiograph.
It has been shown that left ventricular dilation and hy-
pertrophy as assessed by M-mode echocardiography or ven-
triculography usually regress within I to 2 years of suc-
cessful aortic valve replacement (21-25). In contrast,
myocardial contractility, as determined by mean circum-
ferential fiber shortening or left ventricular ejection fraction,
often remains abnormal, particularly in patients with se-
verely depressed peroperative left ventricular function
(22,23,26-29).
Previous studies. There have been a number of studies
that have attempted to predict those patients in whom myo-
cardial function will improve postoperatively on the basis
of preoperative invasive or noninvasive studies (20,30-40).
Many of the studies (19,21-23,39) demonstrate that, in
general, patients with normal systolic function preopera-
tively, as determined by invasive or noninvasive means,
have a good postoperative prognosis and that normal left
ventricular function is maintained postoperatively. How-
ever, it remains unknown in which patients depressed pre-
operative ventricular function will improve to normal post-
operatively. Borow et al. (33) suggested that the preoperative
angiographic end-systolic volume index was able to predict
postoperative left ventricular function better than the pre-
operative end-diastolic volume index or ejection fraction.
Henry et al. (36,41), using echocardiographically deter-
mined left ventricular internal dimensions, suggested that
an end-systolic dimension of less than 55 mm predicted
satisfactory operative results. Gaasch et al. (19,42) found
that the most predictive preoperative variable of improved
postoperative left ventricular end-diastolic dimension and
mass was the echocardiographic left ventricular volume/
mass ratio, a reflection of the adequacy of ventricular hy-
pertrophy relative to left ventricular volume. Borer et al.
(43) suggested that a decrease in ejection fraction with ex-
ercise (determined by radionuclide ventriculography) best
predicts poor operative results.
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Present study. We provide additional data indicating
that preoperative left ventricular function, as determined by
the echocardiographic end-systolic dimension and the frac-
tional shortening of the minor diameter, strongly predict
both postoperative ventricular function and size. The ma-
jority of patients with a preoperative fractional shortening
of 27% or greater or end-systolic dimension of 50 mm or
less improved both ventricular function and size to normal
postoperatively.
Implications. In as much as several indexes of left ven-
tricular function have been suggested by various investi-
gators, each claiming to have the predictor of operative
success, it seems logical to conclude that no single variable
is capable of predicting the outcome of aortic valve replace-
ment in aortic regurgitation. The important yield of this
study is to present evidence that: I) patients with grossly
impaired left ventricular function and serious clinical dis-
ability can still show considerable postoperative clinical im-
provement and normalization of left ventricular function;
and 2) there is a discrepancy between the clinical status and
the left ventricular performance, so that patients who have
impaired left ventricular function can still enjoy a stable
postoperative condition and an active life.
On the basis of these results, it is concluded that no data
are now available to justify prophylactic valve replacement
in patients with aortic regurgitation. The selection of patients
for aortic valve replacement remains within the province of
individual clinical judgment based on assessment of all clin-
ical and laboratory facts.
We are grateful to Alan Bostrom, PhD for assistance with the statistical
analysis and to Deidre Bernard and Gail Aylmer for help with the prep-
aration of the manuscript.
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